Abstract Small non-coding RNA has been implicated in the control of various cellular processes such as proliferation, apoptosis, and differentiation. About 50 % of the miRNA genes are positioned in cancer-associated genomic regions. Several studies have shown that miRNA expression is deregulated in cancer and modulating their expression has reversed the cancer phenotype. Therefore, mechanisms to modulate microRNA (miRNA) activity have provided a novel opportunity for cancer prevention and therapy. In addition, a common cause for development of colorectal cancers is environmental and lifestyle factors. One such factor, diet has been shown to modulate miRNA expression in colorectal cancer patients. In this chapter, we will summarize the work demonstrating that miRNAs are novel promising drug targets for cancer chemoprevention and therapy. Improved delivery, increased stability, and enhanced regulation of off-target effects will overcome the current challenges of this exciting approach in the field of cancer prevention and therapy.
Introduction
MiRNA, first identified in Caenorhabditis elegans are evolutionarily conserved. They are non-coding RNAs found in most of the eukaryotes, including humans [1, 2] . They account for at least 1-5 % of the human genome and are thought to regulate at least 30 % of the genes [3, 4] . Currently, there were 940 distinct miRNAs identified within the human genome [5, 6] . Although there are several reports demonstrating the important role of the miRNAs in regulation of gene expression, there exists a lacuna about the specific targets and biological functions of the various miRNAs [7, 8] . One thing for certain is that their expression is deregulated in cancer and that ∼50 % of genes that encode the miRNAs are located in cancerassociated genomic regions [9] [10] . In addition, modulation of miRNA expression has been shown to reverse the cancer phenotype [11, 12] .
Genomic Location of MiRNAs and Its Regulation
Precursors for miRNA are found in various regions of the genome, mostly in the inter-genic regions and also in the introns of the protein coding genes. Until recently, before the identification of these miRNA genes, the intergenic regions within the genome were thought to be junk DNA. MiRNA precursors were rarely also found within exons of the transcripts and in antisense transcripts [13, 14] . Location of the miRNA genes determines the transcriptional units and its regulation. In case of intronic miRNAs that are present within a host gene, in the same orientation will be transcribed with the host transcript by the same promoter [15, 16] . However, intergenic miRNAs may have their own promoters [17, 18] .
Transcriptional regulation of miRNA expression is understudied. They are transcribed by both RNA polymerase II and III [19, 20] . Reports indicate that miRNAs expression is regulated in tissue-specific and developmental-specific manner. In addition, transcription factors and possibly other miRNAs can regulate the transcription of miRNAs in response to both endogenous and exogenous stimuli [21, 22] . Additionally, RNA-binding proteins have been shown to bind miRNA precursors and inhibit their maturation and also could direct their degradation [23] . Furthermore, at least 10 % of miRNA expression was regulated through DNA methylation [24] . Recent evidences suggest that miRNAs are regulated in response to hypoxia, hormonal, and dietary changes [25] [26] [27] .
MiRNA Biogenesis
Both nuclear and cytoplasmic events are essential for the generation of miRNAs. The first step in the generation of miRNAs is the processing of 5′-capped and 3′-polyadenylated precursor molecules to form primary miRNAs, which are then cleaved by Drosha (RNase III enzyme) and DGCR8 (doublestranded RNA-binding protein) to produce 70-nucleotide hairpin-structured precursor miRNAs [28] . These molecules are then exported from the nucleus to the cytoplasm through the actions of transporter exportin-5 where they are further cleaved by Dicer (endonuclease) and TRBP (RNA-binding protein TAR) to yield miRNA duplex of approximately 21-23 nucleotides. In addition, studies suggest that miRNA origin will determine their nuclear pathway [29] . The intergenic miRNA are transcribed by pol II or pol III producing primiRNA, while the coding intronic miRNAs are transcribed by pol II [19, 20, 30] .
Gene Silencing Mechanism
MiRNAs can bind target mRNA to inhibit protein production by one of two distinct mechanisms. The first mechanism is slicer dependent (mRNA cleavage) in which there is endonuclease cleavage of target mRNA by Argonaute 2 (Ago2), which requires extensive base pairing of miRNA with mRNA target [31] [32] [33] . The second mechanism of suppressing protein production is slicer independent and involves repressing translation of the mRNA. While this is a reversible process, the former one is irreversible [34] [35] [36] .
MiRNA and Cancer
Normal cells undergo genetic changes leading to initiation of malignant transformation followed by progression and metastasis [37•, 38] . Cancer cells proliferate without responding to inhibitory growth signals, evade cell death signals, and induce new blood vessels. Dysregulation of various genes are involved in all the above-mentioned pathways. MiRNAs have been shown to regulate all these cellular pathways, especially those that control cell proliferation, differentiation, and survival. In almost all cancer types, deregulation of miRNA expression has been determined. Until recently, there was a doubt on whether this is a direct cause or an indirect effect of changes in cellular characteristics. However, recent studies have demonstrated that miRNAs can act as pro-oncogenic (oncomirs) or as tumor suppressors [39] . More importantly, miRNAs have been shown to regulate the expression of multiple proteins involved in tumor progression [40] . However, the mechanisms that determine the specificity of targets are currently not well understood.
MiRNAs and Colorectal Cancer
MiRNAs play a critical role in colorectal cancer progression, invasion, metastasis, and angiogenesis [41] . Colon cancer initiation and progression result from progressive accumulation of genetic modifications in oncogenic and tumor suppressor genes in colonic epithelium. In general initiation of colon cancer has been associated with inactivating mutation in Adenomatus Polyposis Coli and p53 protein, and activation of WNT and K-Ras signaling pathways [42] . Most importantly, more than 60 % of colon cancers have APC inactivation while 50-70 % have p53 mutations. Several miRNAs have been associated with colon cancer progression and metastasis. For example, upregulation of miR-135a/b results in inhibition of APC mRNA translation [43] . Recent studies have provided insights in to the novel BRAF mutations and its role in colon cancer progression. Although there no reports of miRNAs that target mutated BRAF, a recent study from Nosho and colleagues suggesting the association of miRNA-31 with BRAF mutation may hold promise as a mechanism to inhibit expression of the mutant protein and thereby a novel target for treatment of colorectal cancers [44] .
Increased expression of miRNAs expression in colon cancer occurs due to gene amplification, translocation, pleomorphism, or mutation. On the other hand, downregulation has been shown to occur through deletion, promoter methylation, mutations, and aberrant miRNA biogenesis [45] . There were several miRNAs including oncomiRs and tumor suppressor miRNAs that are modulated during the development of colon cancer (Fig. 1) . In addition, miRNA expression is regulated in a colon cancer stage-specific manner (Fig. 2) . Hence, understanding the order of miRNA regulation during colon cancer progression will enable us to determine treatment strategies. Of the miRNAs that are affected during the colorectal cancers, the key ones are Let-7, miR-21miR-145, and miR17-92 cluster.
Let-7
This is one of the first miRNAs to be discovered and is highly conserved. Let-7 miRNA can regulate the expression of Ras and c-myc genes, both key factors in colon cancer progression and metastasis. Moreover, Let-7 miRNA regulates p53 and K-ras. In fact, the Let-7 miRNA SNP in the K-Ras 3′UTR is prognostic in early-stage colorectal cancer. These results demonstrate that Let-7 functions as tumor suppressor miRNA in colorectal cancer cells [46] [47] [48] .
MiR-21
These are oncogenic miRNAs that are found to be overexpressed in colon tumor samples. Initially, it was identified to downregulate the expression of the Phosphatase and Tensin Homolog (PTEN) gene; however, later studies have found that miR-21 also inhibits other tumor suppressors such as programmed cell death 4 (PDCD4) and tropomyosin1 (TPM1). Similar to Let-7, miR-21 has been postulated to be a diagnostic and prognostic biomarker in colorectal cancer [49] [50] [51] [52] .
MiR-145
The role of miR-145 in colorectal cancer appears to be somewhat controversial. While it was believed to be a tumor suppressor miRNA in colorectal cancer, by targeting both insulin However, modulators (phytochemicals, vitamins, minerals, fatty acids, etc.) of these miRNAs are reported to have significant preventive and therapeutic effects in both in vitro and in vivo studies. Further understanding and identifying of these tumor suppressive and oncogenic microRNAs will definitely impart novel preventive and chemotherapeutic agents receptor substrate-1 and insulin like growth factor receptor 1, more recent studies have demonstrated that upregulation of miR-145 could improve the ability of migration and invasion of colorectal cancer cells without affecting proliferation. However, this discrepancy can be explained by more recent studies that suggest that miR-145 is highly expressed in mesenchymal cells such as fibroblasts and smooth muscle cells [53, 54] .
MiR-17-92
The miR-17-19 is the highly conserved cluster that produces six mature miRNAs, miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1, and miR-92-1. This cluster has been shown to have both oncogenic and tumor suppressor role. However, in colon cancer it is widely accepted as oncogene as this region is frequently amplified in colon cancers, and that higher levels of miR-17 were associated with poor survival [55] . Furthermore, miR-17 and TNM staging were identified as significant, but independent, prognostic biomarkers in colon cancer [55] . Another study by Tsuchida and colleagues demonstrated that miR-92a was transcribed at higher levels than the other five miRNAs in both adenomas and carcinoma, and that the miRNA targets the anti-apoptotic protein BIM [56] . The miRNAs from this locus appear to have multiple targets. While PTEN was among the first validated target for miR19a and miR-19b-1, BCL2L11 was also shown later on to be targeted by miR-20a, miR-92, miR-19a, and miR-19b-1 [57] [58] [59] . Similarly, miR-17 and miR-20a target E2F1 and TGF-β receptor II (TGFBRII) [60] .
Therapeutic Modulation of MiRNAs for Cancer
Various pre-clinical studies have reported the possibility of manipulation of oncogenic or tumor-suppressor miRNAs as anticancer therapeutic strategies [61••] . Based on the earlier studies, the miRNA-based therapeutic strategies include inhibition of oncogenic miRNAs or delivery of tumor-suppressor miRNAs.
Several approaches have been reported for inhibiting oncogenic miRNAs including antisense oligonucleotide delivery [62] , locked nucleic acid (LNA) constructs delivery [63] , miRNA sponge construct delivery, and miRNA masking antisense oligonucleotides technology [64] . In addition, miRNA expression has been suppressed by using inhibitors of oncogenic pathways [65] . On the other hand, for restoration of tumor suppressor miRNAs, approaches used include mature miRNA mimics, miRNA precursors, or pre-miRNA mimics [66] [67] [68] .
Blocking Oncogenic MiRNAs

Antisense Oligonucleotides
One of the first methods employed to inhibit expression of oncogenic miRNAs was the use of antisense oligonucleotides. These are competitive inhibitors of the miRNAs, as they bind to the miRNA guide strand and induce their degradation. However, the stability and specificity for target miRNAs along with the binding affinity of antisense oligonucleotides has to be optimized by performing various modifications to the chemical structure of the oligonucleotides [69] . This method of silencing has been shown to be long lasting, specific, and efficient both in vitro and in vivo studies. This strategy was efficient in inhibiting the transformation, metastasis, and drug resistance.
Locked Nucleic Acid (LNA) Constructs
In an attempt to develop nucleic acid analogs with increased thermal stability and enhanced affinity, LNA nucleotides often referred to as inaccessible RNA were derived. The pentose sugar of ribo-and deoxyribonucleotides are modified by addition of a methylene bridge via a 2′-O atom and the 4′-C atom [70] . Because of this modification, the LNA nucleotides display very high affinity towards RNA and DNA strands, and hence enhance base stacking and backbone pre-organization. Recent reports have demonstrated the use of this technique to successfully knockdown miR-21 in colon cancer cells [71] .
Sponge Constructs
This technique was originally proposed by Philip Sharpe's laboratory at MIT. These are mammalian expression vectors that contain multiple tandem-binding sites of the target miRNA. The basic concept is that the endogenous, targeted miRNA of interest is soaked up by the "sponge" transcript. In addition, to the multiple miRNA binding sites, these "sponge" transcripts encode a bulge at the site normally cleaved by Argonaute 2 thereby facilitating the stable association with ribonucleoprotein complex with the target miRNA [64] . Bu et al. have successfully utilized technique to target miR-34a in colon cancer stem cells [72, 73] .
Masking Antisense Oligonucleotides
In this technique, miRNA binding to the target mRNA is prevented by designing antisense oligonucleotides that are fully complimentary to the 3′ untranslated region of the target mRNA. As a result, the miR-mask covers up the miRNA-binding site to hide its target mRNA. To further enhance the capability, a 2′-O-methyl-modification was developed in the oligonucleotides, which also has the added effect of significantly reducing off-target effects [62] . The one disadvantage of this approach is that this technology will not be amenable to targeting multiple pathways, something that is desirable in cancer therapy.
Peptide Nucleic Acids (PNAs) Unlike ribose and deoxyribose sugar backbone, this technology utilizes polyamide backbone with N-(2-aminoethyl)-glycine repeats linked by peptide bonds. This backbone of PNA is neutrally charged and hence binding between the PNA and miRNA is much stronger and resistant to enzyme degradation [74, 75] . However, to enhance the cytosolic delivery, PNAs need to be coupled with other molecules such as carrier peptides.
Restoration of Tumor-Suppressor MiRNAs
Re-expressing miRNAs that are downregulated in cancer can be attained either by introducing mature miRNA mimics or plasmids encoding miRNA constructs. Introduction of tumor suppressor miRNAs have been successfully demonstrated in cancer cells to block proliferation, transformation, invasion and migration. In this regard, restoration studies with miR34a and miR-143 have demonstrated decreased cancer progression and metastasis [76, 77] . MiRNA mimics are double stranded RNA molecules having the guide strand similar to the mature miRNA and a passenger strand complimentary to the guide strand. Various modifications have been attempted in the earlier studies to improve its stability, enhance activity and miRNP complex and to increase the protection from degradation.
Delivery Systems and Difficulties
The two major classifications in the delivery systems are viral and non-viral vectors. Viral systems are further divided into adenoviral and lentiviral vectors. Non-viral vectors encompass lipids (cationic liposomes, neutral lipid emulsion, stable nucleic acid lipid particles) and polymer (polyethylenimine (PEI)), poly (lactic-co-glycolic acid) (PGLA), polyamidoamine (PAMAM)-based nanoparticles.
Viral Vectors
Adenoviral Vector System
This is the widely utilized system for in vitro studies to restore tumor suppressor miRNAs, it does not integrate to the genome and are eliminated with very minimal toxicity. Furthermore, tissue-specific targeting is possible because of the availability of multiple serotypes. In addition, adenoviral vector system has high transduction efficiency. However, there are several reports on its utilization in in vivo studies. For example, systemic administration of miR-26a using an adenoviral vector system resulted in cell death and significant reduction in tumor growth. Furthermore, there was no toxicity observed [78] . Also, in another study Let-7 miRNA expressed from an adenoviral vector system, when administered intranasally significantly reduced tumor burden in vivo in the lungs of animals expressing a G12D-activating mutation for the K-ras oncogene [79] .
Lentiviral Vectors
Lentiviral vector systems are potent in delivering miRNAs into a wide range of cell types. These integrate into the host genome and result in long-term expression both in vitro and in vivo. Intratumoral injection of miR-15-16 in a lentiviral vector system has led to the decreased tumor growth [80] . In addition, miR-21 in a lentiviral vector system, when injected intratumorally induced tumor cell death and had better activity in combination with anticancer drugs in inhibiting tumor growth [81] .
Non-Viral Vectors
The non-viral vector system for delivery of miRNA includes lipid-based nanoparticles and polymer-based nanoparticles.
Lipid-Based Nanoparticle
Liposomes are the most widely used transfection reagent in vitro. However, in in vivo studies, significant success was seen only following significant modifications to the composition and chemical structure of liposomes. Delivery of miRNA34a plasmid using a cationic liposome-mediated system resulted in decreased cancer growth, migration and invasion [82] . Most importantly, there are studies in phase I clinical trial where they are evaluating the efficacy of liposomeformulated miR-34a mimics against liver cancer. Similarly, liposome-formulated delivery of miR-143 and miR-145 when injected systemically resulted in significant inhibitory effect in both subcutaneous and orthotopic mouse models of cancer [83] .
Lipoplexes Nucleic acids that are covered with lipids in an organized structure, similar to that seen in a liposome are called lipoplexes. The main reason for doing this is to protect the nucleic acids from degradation. The most common use of lipoplexes is for transferring genetic materials into the cells. With respect to miRNA, pre-miR-107 containing Dime thyldioctadecylammonium (DDAB): cholesterol: D-α-tocopheryl polyethylene glycol 1000 succinate (TPGS)-based lipoplexes following systemic administration were shown to be effective against head and neck squamous cell cancer [84] .
Polycationic Liposome-Hyaluronic Acid (LPH)
Chen and colleagues developed a LPH nanoparticle formulation, in which they have included a tumor-targeting singlechain antibody fragment (scFv) for systemic delivery of miRNAs and siRNAs. Using this method, the group was able to successfully deliver siRNAs for Myc, VEGF, and MDM2 along with miR-34a in to murine metastasis model [85] .
Dicetyl Phosphate-Tetraethylenepentamine-Based Polycation Liposomes (TEPA-PCL) This liposome preparation was designed for efficient delivery of siRNA and miRNA. Ando and colleagues employed the miR92a/TEPA-PCL complex to demonstrate the angiogenesis inhibition role of miR92a [86•] . Moreover, Asai and colleagues PEGylated the DCP-TEPA-based PCL containing a cholesterolconjugated siRNA and determined its biodistribution in mice bearing a murine colon cancer tumor [87] . There was significant accumulation of the siRNA in the tumor 24 h after the injection. More importantly, the studies demonstrated the potential feasibility of the approach.
Neutral Lipid Emulsion (NLE)
In vivo applications for cationic lipids were limited due to significant toxicity. Therefore, a neutral lipid emulsion was developed. When the emulsion was combined with synthetic miRNA mimics, they form particles in the nanometer diameter with a surface net charge close to zero. Trang and colleagues have successfully demonstrated the utilization of NLE to deliver miR-34a and Let-7 to decrease lung tumor burden [88] .
Stable Nucleic Acid Lipid Particles (SNALPs) Stable nucleic acid lipid particles (SNALPs) are microscopic particles approximately 120 nm in diameter. Here, miRNAs get enclosed by a lipid bilayer comprising a combination of cationic and fusogenic lipids coated with polyethylene glycol (PEG). Costa et al. has demonstrated that chlorotoxin coupled SNALPs were efficient in delivering encapsulated anti-miR-21 oligonucleotides to cultured U87 GBM cells [89] . de Antonellis and colleagues have also used SNALPs to deliver MiR199b-5p a known regulator of Hes-1, a downstream effector of the canonical Notch and noncanonical SHH pathways [90] . Significant downregulation of various target genes were observed demonstrating feasibility of the approach.
In conclusion, lipid-based materials are most widely used and probably the best-studied material for pharmaceutical delivery; therefore, utilizing them for miRNA therapeutic formulation will be advantageous.
There are other alternative materials such as polymerbased nanoparticles that can used to deliver miRNA. These include polyethylenimine (PEI), poly(lactic-co-glycolic acid) (PLGA), and PAMAM dendrimers.
Polyethylenimine
It is the widely studied polymer for gene delivery and it is positively charged because of the protonation of the amine group making it useful for condensing the nucleic acids. Utilizing polyurethane-short branch PEI, miRNA-145 was delivered to treat lung adenocarcinoma and glioblastoma in animal models. PEI systems have been successfully modified for transport of miRNAs across the blood brain barrier [91] .
Poly (Lactic-co-Glycolic Acid)
In contrast with PEI, PLGA-based nanoparticles are highly biocompatible and its physicochemical properties increase its utility in the field for gene delivery [92] . In addition to condensing miRNA and non-specific entry into the cell, PLGA allows the slow release of miRNA over time. PLGA will readily form nanoparticles that can entrap biologically active molecules. It protects miRNAs from degradation and it allows achieving very high loading capacities and provides opportunity for modifications. Babar et al. has demonstrated that anti-miR-155 in PGLA polymer nanoparticle when injected systemically resulted in enhanced therapeutic effect [93] .
Polyamidoamine
Polyamidoamine has positively charged amino group on its surface resulting in enhanced interaction with nucleic acids resulting in a complex that protect the nucleotides from degradation. In addition, its unique construction allows the drugs to fit in the core. Delivery of anti-miR-21 using the polyami doamine has been shown to successfully knockdown miR-21 and resulting in increased sensitivity of glioblastoma cells to taxol treatment [94] .
Advantages and Disadvantages
MiRNA-based therapeutics has been shown to have numerous benefits, such as ability for them to target multiple genes, which play a critical role in colon cancer progression and metastasis. The disadvantages are mainly related to challenges in delivery, stability, possible off-target effects and safety. Another important problem in targeting the miRNAs are there are multiple miRNAs that are known to target single target mRNA and single miRNA has been shown to inhibit multiple mRNAs involved in different pathways. Furthermore, delivering miRNA therapeutics in a tissue-specific manner is still under explored. However, recent studies utilizing various technology to deliver miRNA therapeutics and attempts for chemical modifications of synthetic oligonucleotides has provided more effective means of delivery, has shown great therapeutic benefits in multiple in vivo and clinical studies, and has provided enthusiasm to this field [95] .
MiRNAs and Diet
MiRNAs has been shown to regulate various aspects of cancer progression and metastasis that stands as the basis for exploring the ways to modulate miRNA by various chemopreventive and therapeutics agents [96] . Latest evidence from various groups have suggested us that nutrients (vitamins, minerals, fatty acids, etc.) and bioactive food constituents (curcumin, resveratrol, catechins, etc.) protect against cancer through modulation of miRNA expression [97] . In addition, diet has been strongly linked to colon cancer, especially red meat and processed meat, which can increase the risk for colon cancer while fruits and vegetables are shown to significantly decrease the risk [98] .
MiRNAs and Essential Nutritional Factors
Vitamins are vital nutrients that are required to maintain health and have to be taken in sufficient quantity, as our body cannot synthesize them. Several vitamins have been shown to regulate miRNA expression.
Vitamin A
The multi-functional vitamin A has been shown to regulate vision, growth and development. Vitamin A is an essential dietary factor and has been demonstrated to have inverse correlation with cancer risk [99] ; and most importantly in a study from Suphakarn et al. where rats were fed with vitamin Adeficient diet, the rats had enhanced incidence of liver and colon cancer [100] . In addition, trans-retinoic acid, the biologically active form of Vitamin A, was shown to have tumor suppressor activities against various cancer models including lung, bladder, breast, and pancreatic cancer [101] . Interestingly, retinoic acid treatment was shown to modulate the levels of 243 miRNAs in human acute promyelocytic leukemia cells [102] . In addition, another study demonstrated a significant increase in tumor suppressor miRNAs following treatment of retinoic acid in leukemia cells [103] . led to upregulation of miR-627, which in turn down regulates the expression of the histone demethylase JMJD1A and methylation of histone H3K9 and suppressed expression of proliferative factors, such as growth and differentiation factor 15 [106] . In yet another study, vitamin D treatment led to decreased levels of miR-181a and miR-181b, and subsequent increased expression of p27 and p21, resulting in G1 cell cycle arrest [107] . Furthermore, vitamin D treatment was shown to regulate p53 levels in addition to regulation of miR-182 expression [108] .
Vitamin E Vitamin E belongs to the lipid-soluble antioxidant vitamins. Vitamin E includes tocopherols and tocotrienols and has demonstrated to protect cell membranes from free radical induced damages. Vitamin E was shown to decrease the mutation rates, nitrosamine formation, and epithelial cell proliferation. In addition, vitamin E intake in women under the age of 65 has shown strong reduction in colon cancer risk [109] . Furthermore, vitamin E analogs were shown to possess pro-apoptotic properties and selective killing of malignant cells while being non-toxic to normal cells [110] . Vitamin E was demonstrated to modulate miR-122 and miR-125 expressions and thereby affect the cancer-associated pathways [111] . Additionally, rats fed with vitamin E-deficient diet demonstrated significant decrease in the levels of tumor suppressor miRNAs [111] .
Vitamin B
Vitamin B is the water-soluble vitamin that participates in many coenzyme reactions involved in metabolism. Vitamin B was shown to activate p53 and increase p21 expression in colon cancer cells and mouse colon [112, 113] . In addition, in a rat model of liver cancer, replenishment of folate resulted in increased expression of miR-122 that was associated with inhibition of tumorigenesis [114] .
Selenium
Mineral supplements have gained interest in colon cancer prevention following the studies demonstrating 61 % reduction in colon cancer in a randomized trial with selenium supplementation [115] . In addition, sodium selenite treatment in prostate cancer was shown to increase miR-34b and miR-34c expression [116] [117] [118] . In addition, human colorectal adenocarcinoma cells grown in selenium-deficient medium had significantly altered levels of 12 miRNAs, and they have demonstrated that of those 12 miRNAs, miR-185 regulates the expression of GPX2 and SEPSH2 genes [119] .
Fatty Acids
The role of fatty acids in cancer risk is poorly studied; however, more recently, studies are ongoing to determine the effects of omega-3 polyunsaturated fatty acids in colon cancer. Studies from Davidson et al. have clearly demonstrated that omega-3 PUFAs modulate carcinogen-induced miRNAs in rat colon [120] . In addition, Farago et al. has demonstrated that treatment of glioma cells with PUFAs resulted in increased expression of miRNAs involved in induction of cell death [121] .
MiRNAs and Phytochemicals
Fruits and vegetables have abundant phytochemicals that were shown to regulate cancer progression and metastasis. Numerous studies have demonstrated the modulation of miRNAs by these phytochemicals that lead to either abrogation of tumor growth or sensitization of cancer cells to chemotherapeutic agents [122••] .
We will discuss the list of dietary factors that regulate miRNA expression that can be utilized in the setting of chemoprevention and therapy.
Curcuminoids
The curcuminoids belong to the class of polyphenols; curcumin is the most extensively studied compound in cancer prevention and therapy. We have earlier published the posttranscriptional regulation of gene expression in cancer by curcumin [123] . There are various reports demonstrating miRNA regulation of curcumin in various types of cancers. Oncogenic miRNA-196 was inhibited by curcumin treatment in gastric cancer [124] ; also curcumin treatment was shown to induce PTEN expression by inhibition of miR-200 and miR-21 expression [125] . In addition, curcumin treatment has significantly increased tumor suppressor miRNAs in various cancer cells. Even turmeric treatment, has shown to regulate various miRNAs including miR-22, miR-199a*, miR-21, miR-200, miR-16, and they have shown to target various cancer related genes such as SP1, ESR1, and PTEN [124] .
Resveratrol
Resveratrol, a chemopreventive phytochemical from grapes, was shown to be effectively inhibiting colon cancer cells growth [126] . There are several reports suggesting that resveratrol modulate miRNAs including miR-21, miR-196a, miR-25, miR-17, and miR-92a-2 [127] . In addition, resveratrol was shown to regulate Dicer, PDCD4, and PTEN through miR-663 regulation in colon cancer cells; moreover, resveratrol downregulated oncogenic miR-155 in a miR-663-dependent manner [128] . Furthermore, resveratrol modulated the levels of miRNAs targeting tumor-suppressor proteins in SW480 colon cancer cell lines [129] . A recent report suggested that resveratrol exhibits anti-colon cancer activity through inhibition of oncogenic miR-27a [130] . Kumazaki et al. demonstrated that resveratrol exerted its anticancer effect through regulation of miR-34a/E2F3/Sirt1 cascade [131] .
Catechins
Epigallocatechin-3-gallate (EGCG) is the major polyphenol present in green tea; however, there are other catechins such as epicatechin, epicatechin gallate, and apigallocatechin that have similar features [132] . Several preclinical studies have demonstrated EGCG's anti-colon cancer activity [133] . Baselga-Escudero and colleagues have demonstrated that EGCG directly binds to miR-33a and miR-122, which is a novel posttranscriptional mechanism for the polyphenols [134] . Furthermore, EGCG in combination with N-(4-hydroxyphenyl) retinamide has significantly inhibited the expression of oncogenic miRNAs such as miR-92, miR-93, and miR-106b, while increasing the expression of tumor suppressor miRNAs like miR-7-1, miR-34a, and miR-99a [135] . In addition, EGCG treatment resulted in increased expression of tumor suppressor miR-16 that is known to induce apoptosis through targeting Bcl2 expression [136] .
Genistein
Genistein is a phytoestrogenic isoflavonoid that was shown to have potent anticancer activity by affecting cell proliferation and inducing apoptosis [137] . It has been shown to upregulate tumor-suppressor miR-574-3p in prostate cancer cells and miR-574-3p target genes include RAC1, EGFR, and EP300 [138] . In addition, Xu et al. has demonstrated that genistein targets oncogenic miR-27a in ovarian cancer cells [139] . In renal cancer cell lines, genistein was shown to upregulate the expression of tumor suppressor miRNA miR-23b [140] Isothiocyanates Isothiocyanates (ITCs) present in cruciferous vegetables were shown to possess potent anticancer activity using various in vitro and in vivo studies [141] . Sulforaphane is an ITC obtained from broccoli and has shown to inhibit epithelial and mesenchymal transition through regulation of ZEB1 and Snail through increased expression of miR-200c [142] . Another agent, phenethyl isothiocyanate (PEITC), has been shown to regulate the expression of miRNAs that were altered due to cigarette smoke exposure. In the study, they have identified that PEITC regulate various miRNA expression, including miR-192, let-7a, let-7c, miR-146, miR-123, miR-222, and miR-99b [143] .
Indole-3-carbinol (I3C) and 3,3′-Diindolylmethane (DIM) I3C is a glucosinolates found in the brassica family of vegetables such as broccoli, cauliflower, and brussel sprouts and DIM is a product obtained during condensation reaction of I3C in the gut. Both I3C and DIM have been reported to possess potent anticancer activity through its ability to regulate cancer cell cycle, induction of apoptosis and major oncogenic signaling pathways [144] . In colon and pancreatic cancer cell lines, DIM treatment leads to induction in the expression of miR-146a thereby targeting EGFR, IRAK1, and NFkB mRNAs [145] . In a mouse model of lung cancer, I3C treatment resulted in reducing the carcinogen-induced expression of miRNAs (miR-21, miR31, miR-130a, miR-146b, and miR-377) [146] . In another study, I3C-induced sensitivity of cancer cells to gemcitabine was found to be suppressed when miR-21 was ectopically overexpressed, suggesting that downregulation of miR21 by I3C is essential for its action on induced chemosensitivity [147] . Finally, reports also revealed that DIM treatment resulted in downregulation of miR-221 and thereby increasing the expression of its target gene expression such as PTEN, p27, and PUMA [148] .
Ellagitannin
Ellagitannins, a polyphenolic compound isolated from strawberries and raspberries was reported to have significant anticancer activity [149] . Liver cancer cell lines when treated with ellagitannin increased the expression of 17 miRNAs while inhibiting 8 suggesting that these microRNAs are at least partly responsible for the antiproliferative and multigene regulatory mechanism of action induced by the compound on HepG2 cancer cells [150] .
Altogether, these studies support the potential for these natural phytochemicals along with vitamins, fatty acids, and trace elements in modulating the miRNA expression that could be beneficial in the colon cancer prevention and therapy development.
Conclusions and Future Perspectives
The role of microRNAs affecting cancer is now well documented. However, its utility as a therapeutic or preventive agent is yet to be fully realized. Given that miRNAs have been shown to regulate various stages of cancer development and the vast amount of information about the multiple miRNAs and their targets have already been accumulated, the time is right to develop novel chemopreventive and therapeutic modalities. This will include targeted delivery and reducing adverse effects due to toxicity. There is significant promise for use of viral and non-viral agents for delivering the miRNA, but then again getting them to honing in to the sites of the tumor is going to be important. Furthermore, moderating miRNA levels using mimics is another exciting area, but non-specific targets need to be reduced. There is also a need to improve the stability of the plasmids and minimize the induction of immune response to advance the use of miRNA in colon cancer prevention and therapeutics. Finally, several dietary agents have been shown to be efficient modulators of miRNA profiles in cancer. However, there are concerns such as in vivo bioavailability of the compounds, specificity in targeting, and the under studied metabolites. Once these issues are overcome, the promise of natural compounds modulating miRNA expression and thereby suppressing various cancer promoting pathways is a possibility.
